ABSTRACT
INTRODUCTION
Structural alterations in the heart that depart from normal have generally been termed "remodeling". There is a rapidly growing interest in studying ventricular remodeling in congestive heart failure since newer drugs, such as angiotensin converting enzyme (ACE) inhibitors and β -adrenergic blocking agents appear to have beneficial effects on the remodeling process (2) . A proven morphological approach for assessing cardiac alterations at the cellular level involves measurement of isolated myocyte volume using a Coulter ® Counter/Channelyzer system (Coulter Corporation, Miami, FL, USA) and direct measurement of cell-length microscopically (4,7). The Coulter Channelyzer determines cell-volume distribution by analyzing electrical pulses resulting from the change in electrical resistance caused by the displacement of electrolytes as the cells pass through a cylindrical aperture (1, 4, 7, 15) . The Coulter method was originally developed and used in hematology for counting of round cells and assessment of cell-size distribution (8, 12, 13, 15) . It was later demonstrated that the Coulter system could be used to efficiently measure the volume of irregularly shaped cells such as cardiac myocytes (7) . The validity of this approach was further confirmed by other researchers (1, 3) . For a number of years we have used the Coulter Channelyzer system (Model ZM counter interfaced to the Model C256 Channelyzer) to evaluate myocyte remodeling during normal growth and in various disease states (4) (5) (6) (7) (9) (10) (11) . Recently, a new version of the Coulter Counter/Channelyzer (Model Z2) was developed, and Beckman-Coulter Corporation asked us to determine if the newly designed instrument produces the same results as the older instruments. This compact instrument is equipped with several improvements and changes. Calibration and settings of the instrument are fully automated, and the compact Model Z2 uses an oil displacement pump instead of a mercury manometer system as used in the previous Z-model counters. The purpose of this study is to investigate the accuracy and functional advantages and disadvantage(s) of the Model Z2 compared with the Model ZM/C256.
MATERIALS AND METHODS
A total of 28 rats between 10 days and 24 months of age were used to collect myocytes using a standard collagenase method as previously described (7). Briefly, eight 10-day-old Sprague-Dawley rats were obtained from Sasco (Omaha, NE, USA), and 20 Spontaneously Hypertensive Heart Failure rats (SHHF) between 2 and 24 months of age were obtained from Genetic Models (Indianapolis, IN, USA) . Thus, the full range of cardiac myocyte sizes that would be encountered under physiological and pathological conditions were analyzed. Isolated myocytes were prepared using a standard method of retrograde-aortic perfusion with Joklic media plus collagenase (7) . The myocytes were then fixed in 2% glutaraldehyde in 80 mmol/L phosphate buffer. Both of the instruments were calibrated for two types of measurements: (i) standard 19.98-µ mdiameter microspheres (Coulter) with a 100-µ m aperture diameter were used for neonatal cells, and (ii)30.20-µ mdiameter microspheres (Coulter) with a 200-µ m aperture diameter were used for adult cells. Although not critical, this was done to help minimize any differences in the relationship between cell diameter and aperture diameter as increasingly larger cells were being sized. After the calibration, volumes of the cells were measured (ca. 3000-12 000 cells per sample).
Statistical Analyses
Data were analyzed using linear regression and SigmaPlot ® Version 4.0 software (SPSS, Chicago, IL, USA). Figure 1 illustrates the comparison between cell volume measured by the Coulter Model Z2 and by the Coulter Model ZM/C256 systems. The cell volumes measured by the two instruments were virtually identical from small cells of neonatal rats to large adult cells from rats with severe hypertension and congestive heart failure (correlation coefficient was 0.99). The Model Z2 Coulter Channelyzer has several advantages over the Model Z predecessors interfaced to pulse height analyzers. The Model Z2 weighs about 13.6 kg, whereas the Model ZM/C256 combination weighs more than 40 kg. The sample stand in the Model Z2 is internal rather than external as in the Model ZM/C256. The mercury manometer sample metering system of the Model ZM/C256 has been eliminated and replaced by an oil-displacement pump in the Model Z2, resulting in less error and more precision. The metering device consists of a diaphragm pump, one side of which is filled with a damping fluid. Within this sealed cavity is a precision piston that can be progressively moved in or out, as required. A motor gearbox drives the piston assembly, which is software-controlled by way of the pump drive circuits. The Model Z2 can average up to 10 runs on the same sample, providing greater counting and size-distribution accuracy. However, the Model Z2 is limited to particles in the size range from 1-120 µ m, whereas, the Model ZM/C256 accepts a broader range of particles, from 0.4-1200 µ m (upper limits are based on 60% of the maximum available aperture for a given instrument). However, because cells traverse the aperture in a logstyle fashion and maximum transverse diameters are well within this limit, the 120-µ m limitation for the Model Z2 should not create any problems. Note also that extremely large cells, such as oocytes (ca. 30 µ m in diameter), also fall well within this upper limit. The addition of an automation system on the Model Z2 allows the user to select the approximate size range of cells being measured, and the instrument automatically selects the appropriate settings (aperture current, attenuation and gain, respectively). We viewed this modification as a major improvement since it minimizes user-related variability and increases objectivity. By contrast, the settings and cell range of the Model ZM/C256 must be selected manually each time a different size of cell is measured. The computer software provided in the Model Z2 offers much more extensive documentation of settings and statistical analysis of results. Figures 2 and 3 show printouts from the two systems. The Model Z2 printout provides the following: (i) analysis time; (ii) comprehensive summary of instrument settings; (iii)counting results related to threshold settings, distribution histogram and statistics (e.g., upper and lower thresholds, mean, median, mode, standard deviation and cell count); (iv) comprehensive summary of differential counts for each channel; and (v) particle size for each channel. Collectively these improvements allow the user to analyze data more efficiently and objectively. 
RESULTS AND DISCUSSION

CONCLUSION
The improvements and modifications incorporated into the Model Z2 are substantial. It is easier to operate, more convenient, more efficient and less expensive. It produces the same results as the previous instruments in sizing irregularly shaped particles (e.g., isolated cardiac myocytes). It is clearly the instrument of choice in our laboratory.
